Abstract -The aim of the present study was to analyze the variation of esterase activity as well as the expression patterns of isozymes by isoelectric focusing on polyacrylamide gels (IF-PAGE) and conventional polyacrylamide gel electrophoresis (PAGE). Esterase activity and isoforms were analyzed on total proteins from 9 isolates of Beauveria bassiana, from different hosts and geographic areas from the State of Guerrero, Mexico. Total proteins were separated by IF-PAGE and PAGE, in order to characterize the activity and isoelectric points of the esterase isoforms detected on different isolates. Electrophoretic analysis from 9 isolates of Beauveria bassiana, revealed a polymorphic pattern in terms of esterases activity and the presence of isozymes, showing a total of 10 different isoforms with variations in both the activity and isoelectric point. Each isolate showed between 3-6 different isozymes. Cluster analysis derived from the Jaccardś coefficients showed a significant association between the presence-absence of esterase isoforms and the geographical origin of the Beauveria bassiana isolates. We conclude that the use of this methodology for functional detection combined with PAGE and IF-PAGE, can be an excellent tool for biochemical characterization of isolates and further impact evaluation of artificial epizootics derived from Biological control programs.
Introduction
The entomopathogenic fungus Beauveria bassiana (Balsamo), is worldwide distributed as a member of the natural soil flora and has been widely used for the control of various important target insect pests around the world [1, 2, 3, 4, 5, 6, 7, 8] , including the most important coffee pest Hypothenemus hampei [9] .
Entomopathogenic fungus, are the most versatile agents, because it has a wide host range and infest different ages and stages of insect hosts [10] . The coffee berry borer Hypothenemus hampei, mostly lives inside the coffee berry, and the female insect can fly outside the coffee bean, while the unwinged male cannot [11] . Biological control by using Beauveria bassiana, is more effective if it is applied when the female leaves the berry.
There are evidences about the genetic diversity of the entomopathogenic fungus Beauveria bassiana and Metarhizium anisopliae, associated to the habitat type, geographic location, growth at different temperatures, and virulence against Tenebro molitor.
In Mexico, Beauveria bassiana (Balsamo) has been successfully used in biological control programs against the coffee berry borer Hypothenemus hampei, by coffee bean producers from la sierra de Atoyac, de Alvarez, Guerrero; however, no research has been done on the genetic variability of this important entomopathogenic fungus, since this type of knowledge will be very useful for the development of effective biocontrol strategies as well as, for the evaluation of the impact of artificial epizootics. This is the first documented research in Mé xico about the genetic variability of esterases isoforms of Beauveria Bassiana, collected at the coastal state of Guerrero, Mé xico. Valle del ocotito Region Centro.
Subjects and Methods

Beauveria bassiana isolates
Beauveria bassiana isolation and growth in culture
Beauveria bassiana isolates were cultured on sterile Dextrose Sabouraud Solid medium within 500 ml flasks containing 5 g of yeast extract, 32.5 g of Dextrosa Sabouraud agar cloramphenicol as inhibitor of bacterial growth and water up to 500 ml. Briefly, larvae of Galleria melonella were inmersed 5 min on 15 ml of sterile distilled water spore suspension containing 0.1% of the surfactant dioctil-sulfo-succinate, immediately 10-15 larvae were placed on a humid filter paper within a petri dish and incubated at 25 o C ( figure 3 ). Larvae were observed with a microscope until the fungus grew (figure 4) and spores were taken with a sterile needle and inoculated into a sterile flask containing the sterile solid medium Dextrose Sabouraud Agar, flasks were incubated for 21 days. Flasks containing each isolate were supervised for contamination.
Protein extraction and quantification
Mycelium from each isolate was ground with a pestle on a mortar frozen at -80 o C until it became a fine powder. The powder was immediately resuspended on 500 µl of Phosphate Buffered Saline (PBS), centrifuged at 100 xg for 10 min and the supernatant was recovered and an aliquot was used for protein quantification by the Bradford based Bio-Rad Protein Assay (Bio-Rad, Hercules, Ca.) [12] , and read at 595 nm on a spectrophotometer (multiscan Ascent). 50 µl samples were kept at -70 o C until used.
SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE)
Total proteins from each isolate of Beauveria bassiana were analyzed by sodium dodecyl sulphate PAGE with a stacking gel of 5% and a separation gel of 10% [13] . Each lane was loaded with 50 µg of protein. After protein separation, the gel was renatured by washing three times on 100 ml of 1% Triton X-100. Immediately after the gel was placed on PBS pH 7.2 substrate solution containing 0.04 mg/ml Fast Garnet and α-naphtyl acetate 0.01%, and incubated at 25 o C until redish bands appeared. The gel was documented in a Gel Logic 1500 imaging system.
Isoelectro focusing on Polyacrylamide Gel Electrophoresis (IF-PAGE)
Total proteins were also analyzed on IF-PAGE, containing ampholines within a range of 4-6, and were run using acetic acid as an anolite and sodium hydroxide as a catolite. Each lane was loaded with 70 µg of total protein from each isolate of Beauveria bassiana. The gel was washed with PBS pH 7.2 and stained with the substrate solution containing 0.04 mg/ml Fast Garnet and α-naphtyl acetate 0.01%, and incubated at 25 o C until redish bands appeared [14] . The gel was recorded in a Gel Logic 1500 imaging system.
Statistical Analysis
The esterase zymogram was visually scored for the presence (1) and absence (0) of electrophoretic band in order to generate a binary matrix. The resulting data matrix generated by the Sequential, agglomerative, hierarchical and nested clustering [15] , was used to calculate biochemical or genetic similarities based on the similarity Jaccardś Coefficient [5] .
Results
B. bassiana esterases as shown in this study belong to a family of enzymes that can be renatured even after the exposure to sodium dodecyl sulphate which is a denaturing reagent, present on the PAGE process conditions, as shown in figure 1 . This biochemical feature, make this technique to be an easy, direct and suitable tool, in order to identify, differentiate or characterize different isolates of B. bassiana. The SDS-PAGE, showed, esterase activity within the region from 40 to 70 Kd, and at least 3 different isoforms, detected based on their molecular mass (Figure 1) . Fig. 1 . Electrophoretic profile of esterase isozymes in different isolates of Beauveria bassiana separated by SDS-PAGE and stained for sterase activity, after a renaturation process, with a substrate solution containing the synthetic substrate alfa naphtyl acetate.
A variation of the PAGE technique in capilary tubes was used as an alternative to separate B. bassiana esterase isoforms from total protein extracts, on a one dimentional IF-PAGE isoelectric focusing format, based on their isoelectric point (IP) (Figure 2 ). The resolution shown by the IF-PAGE, in order to obtain the isoelectric focusing profile of different isolates of B. bassiana, make this technique a suitable and easy method to characterize and identify isolates from different geographic areas (Figure 2 ), or any other feature of isolates, such as pathogenicity in combination with the IF-PAGE profile.
Fig. 2. Electrophoretic profile of esterase isoforms from B. bassiana isolates after one dimentional IF-PAGE separation, showing
the isoelectric Point (pI) for each band. Isoforms were stained by hydrolysis of the surrogate substrate, alpha-naphtyl acetate.
Considering the presence (1) or absence (0) of the isoforms on the banding pattern shown by the IEF-PAGE technique, a categorical data matrix was constructed ( Jaccardś similarity coefficients for each pair of isolates were used to construct a dendogram. The dendogram showed three different clusters ( figure 3 ). Cluster one, included isolates B7, B5 and B3, isolated from "Costa Grande" Region, sharing a 100% of similarity, indicating a complete identity to each other. Second cluster, included B2 and B4, collected at North Region, sharing a 71.4% of similarity, indicating a medium genetic distance to each other. Third cluster included B1 and B9, collected at "Centro" region, sharing only a 50% of similarity, indicating a low genetic distance.
Isolate B8 collected at "Costa Grande" region, showed 45% of similarity with regards to the first group (B7, B5 y B3), however, with regards to the second group (B2 y B4), there was only 70% of similarity. Third group (B1 and B9), only showed a similarity less than 20% with regards to the first and second group.
The isolate B6, did not showed any relationship with the analyzed isolates. 
Discussion
Entomopathogenic fungi are important tools for agricultural and veterinary pest control. Therefore, pathogenic mechanisms have been studied in order to elucidate the penetration mechanisms and understand the invasivity of this organism and the hydrolysis of the chitin and the lipids associated to the insect tegument, mediated by the over expression of enzymes belonging to the hydrolyses family. Cuticle of arthropods, is basically composed by chitin, lipids or cera, and is the protective barrier of insects against fungi infestations, therefore, quitinases, proteases lipases, the basic biochemical machinery of fungi to infest insects has been previously studied [16, 17, 18, 19, 20, 21] The role of esterases and lipases has been already documented in intracellular parasites as a mechanism of pathogenicity to penetrate the host cell. In Beauveria bassiana has been documented the presence of proteases, chitinases, esterases [22] and lipases [23] associated to the invasivity of the fungi and the capacity of penetration through the cuticle in order to access the insect haemolimph as a source of nutrients.
Results on the SDS PAGE in the present study are very different from those found by Varela and Morales [22] , since our results show a functional esterase activity banding pattern between 40-60 kD corresponding to two spots of activity with similar molecular weight as shown in fig 1, shared by all nine isolates. The electrophoretic analysis of six isolates in previous studies [22] , showed six different profiles of isoesterases. As shown in figure 1, our study showed basically a similar pattern for all nine isolates by SDS PAGE. Compared to Varela and Morales [22] , our results show that there is no way to separate the isozymes by molecular weight on SDS-PAGE, since isoforms share the same function and similar molecular weight (figure 1). Results in figure 2, show that differences on the stereo chemical structure of esterases, since they change the isoelectric properties of proteins, can be detected by isoelectrofocussing, and therefore, single spots detected in figure 1 , contains a set of isoforms of esterases as detected by further isoelectric focusing analysis of esterase activity as shown in figure 2 .
Previous findings on renaturation of esterases by Rosario-Cruz et al., [14] , were performed on SDS-PAGE, showing that esterases can be renatured after SDS denaturation treatment by using non-ionic detergents (Tritón X-100), however this type of gels does not have the resolution to separate the isoforms, since most esterase isozymes, share similar molecular weight.
One dimentional IF-PAGE analysis was performed and adapted to a one dimentional format, in order to elucidate the isoelectric point of each esterase isozyme as detected by hydrolysis of alpha-Naphtyl acetate. The two spots of activity previously detected, were separated in ten different isoforms, within a range of pH between 4-6 (figure 2).
Based on this results we can state that the adaptation of isoelectro focusing technique on a one dimensional format on polyacrylamide gel electrophoresis, the renaturation of the stereochemical structure of esterase isozymes and the use of surrogate substrates such as the alpha-Naphtyl acetate, can be a very useful combination of techniques in order to identify and characterize Beauveria bassiana or isolates of any other entomopathogenic organism, based on its geographical origin, pathogenicity or virulence of a specific fungal isolate to a specific host. However, more isolates and other characteristics should be examined in order to improve the pest control programs including Beauveria bassiana, or any other fungal organism of interest.
